Background-In an experimental model, variable and intermittent contact force (CF) resulted in a significant decrease in lesion volume. In humans, variability of CF during pulmonary vein isolation has not been characterized. Methods and Results-In 20 consecutive patients undergoing CF-guided circumferential pulmonary vein isolation, 914 radiofrequency applications (530 in sinus rhythm and 384 in atrial fibrillation) were analyzed. The variability of the 60% CF range (CF 60% ) was 17±9.6 g. Hundred seventy-one (19%) applications were delivered with constant, 717 (78%) with variable, and 26 (3%) with intermittent CF. The mean CF and force-time integral were significantly higher during applications with variable than with intermittent or constant CF. There was no significant difference in CF variability, CF 60% variability, and force-time integral between applications delivered in sinus rhythm and atrial fibrillation. The main reasons for CF variability were systolo-diastolic heart movement (29%) and respiration (27%). In 10 additional patients, during adenosine-induced atrioventricular block, the minimum CF significantly increased at 19 sites (5.3±4.4 versus 13.4±5.9 g; P<0.001) and at 16 sites intermittent or variable CF became constant. At only 1 site systolo-diastolic movement remained the main reason for variable CF. Conclusions-CF during pulmonary vein isolation remains highly variable despite efforts to optimize contact. CF and CF parameters were similar during sinus rhythm and atrial fibrillation. The main reasons for CF variability are systolodiastolic heart movement and respiration. The systolo-diastolic peaks and nadirs of CF are because of ventricular contractions at the large majority of pulmonary vein isolation sites. (Circ Arrhythm Electrophysiol. 2015;8:1342-1350.
L esion formation by using radiofrequency current depends on the power delivered, duration of energy application, temperature, tip size, and tip orientation. Recently, contact force (CF) between catheter tip and target tissue has been recognized as an additional key factor to control effective lesion formation. In an initial study of a thigh muscle preparation tissue temperature, lesion size, thrombus formation, and steam pops increased significantly with increasing CF at any given power. 1 Irrigated tip ablation catheters capable of real-time CF measurement have recently became available for clinical use. 2, 3 Several clinical studies compared circumferential pulmonary vein isolation (PVI) performed with CF-sensing catheters to standard open-irrigated-tip catheters for the treatment of atrial fibrillation (AF). The use of CF-sensing catheters was associated with improvement in procedural parameters and outcomes. Significant reductions in procedure, fluoroscopy, radiofrequency ablation times, and acute PV reconnection rates were observed. [4] [5] [6] [7] [8] A significant reduction of AF recurrence rate at 12 months of follow-up was also reported with the use of CF-sensing catheters. 7, 8 Intermittent contact (reaching 0 g at every diastole) was evaluated in 2 previous clinical studies. In the Touch for Catheter Ablation (TOCCATA) trial, the percentage of intermittent radiofrequency applications was dependent on the CF range. 3 Low CF was associated with a high incidence of intermittent CF. In this study, the operators were blinded to CF and low CF values were frequent. Neither the variability of the CF nor the effects of underlying rhythm during PVI were characterized. In another clinical study, the effect of respiration on CF during PVI was assessed. In this study, average CF and force-time integral (FTI) were higher with apnea than with ventilation, an effect attributed to a drop in CF with each respiratory swing.
Operators were blinded to CF and all PVIs were performed in sinus rhythm (SR). The variability and the reasons for variability of CF beside respiration were not further assessed. To date, no further clinical study has evaluated the importance and the causes of variable and intermittent contact. In an in vitro study, radiofrequency lesion depth and size were dependent on the presence of constant contact. 10 Variable and intermittent contact with the same power, duration, and peak CF resulted in 30% to 60% decrease in radiofrequency lesion volume when compared with constant contact. These findings suggest that variable and intermittent CF might have clinical implications.
The aim of this study was to characterize CF variability and the reasons for variability during PVI with CF optimized according to current recommendations. 3, 5 
Methods

Study Population
Twenty consecutive patients undergoing a first PVI procedure between March and July 2014 were included in the first part and 10 consecutive patients between October 2014 and January 2015 were included in the second part of the study. Patients were excluded if ablation point files could not be opened with the CF analysis tool or exact calculations could not be performed because of missing values during offline analysis. All patients underwent wide antral circumferential PVI in a similar fashion after informed consent was obtained to participate in the study. The ethical committee of the University of Antwerp approved the study protocol. All procedures were performed under general anesthesia.
Catheter Ablation Procedure
PVI was performed according to current recommendations.
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Radiofrequency lesions were placed in power control mode at the antrum of the ipsilateral pulmonary veins (30-W posterior wall and 35-W anterior wall) with the ThermocoolSmart Touch catheter (Biosense Webster Inc, Diamond Bar, CA). The catheter CF sampling interval was 50 ms. The instantaneous CF value, CF curve, and CF vector were displayed in real-time on the CARTO3, V2 system (Biosense Webster Inc). The real-time CF graph was updated every 100 ms, whereas the numeric CF display and vector were updated every 500 ms. Radiofrequency applications were only performed with the catheter in a stable position and a numeric CF value of ≥10 g. The target numeric CF was 20 g (range, 10-30 g) during applications. The target duration of radiofrequency delivery ranged between 30 s (posterior LA) and 60 s (anterior PV antrum), but was terminated prematurely if the local electrogram attenuation was >80%, if there was >30 Ohms impedance drop or >10 Ohms increase, or if sudden catheter movement occurred. The end point of PVI was entry and exit block after adenosine administration.
During PVI, the location, type of CF curve, atrial rate, and rhythm and in case of AF the ventricular rates were noted for each application. The PV antrum was on both sides divided into 4 equal segments (anterior, posterior, superior, and inferior). After the PVI, the CF parameters and curves were analyzed offline with the CF analysis tool provided by Biosense Webster Inc. The instantaneous
WHAT IS KNOWN
• Contact between catheter tip and target tissue is an important determinant of radiofrequency lesion formation during pulmonary vein isolation.
• The use of contact force-sensing ablation catheters capable of online measurement is associated with significant reduction in procedure, fluoroscopy, and ablation times, acute pulmonary vein reconnection and atrial fibrillation recurrence rate after pulmonary vein isolation.
WHAT THE STUDY ADDS
• Contact force remains highly variable during pulmonary vein isolation in spite of optimizing contact because of the systolo-diastolic and respiratory movements of the heart.
• The systolo-diastolic peaks and nadirs of contact force are because of ventricular contractions in the large majority of applications.
• Atrial rhythm (atrial fibrillation or sinus rhythm) does not play an important role in contact force variability during pulmonary vein isolation. Example of a reconstructed contact force (CF) curve (left) and CF value occurrence histogram (right) during an application with variable CF in sinus rhythm. On the histogram, the measured lowest CF (A=Min CF) was 5 g and the maximum CF (B=Max CF) was 24 g. The minimum of the 60% CF range (D=Min CF 60% ) was 7 g and the maximum (E=Max CF 60% ) was 20 g. The variability (F=CF variability) was 24 g−5 g=19 g, and the CF 60% variability (G) 20 g−7 g=13 g. The CF 60% variability in percent (H) was 65%. The CF 60% variability was >10 g and the CF curve was defined as variable. On the left-sided CF curve, the main variation (example A1/A2/A3) had a frequency of 55 per minute with steep peaks and nadirs. The frequency of the variation was same as the sinus rate during this application. The change between the peaks and nadirs was >6.5 g (50% of the CF 60% variability). The main reason for CF variability was systolo-diastolic movement but with 1 to 1 atrioventricular conduction and without simultaneous ECG recording, it was not possible to determine if atrial or ventricular contractions were causing the CF peaks and nadirs.
CF curve and the CF histogram were analyzed for each radiofrequency application lasting >15 s. The histograms included all CF measurements at a sampling interval of 50 ms during each application. On the histogram, the minimum (Min CF) and maximum instantaneous CF (Max CF) values and their difference (CF variability) were noted ( Figure 1 ). Given the large variability of CF values sometimes with infrequently occurring outlying values, a middle range in which 60% of the CF values occurred (CF 60% ) was defined (Table I in the Data Supplement). On the low side of the CF 60% range, the CF value of ≥20% occurrence of the maximum occurrence was expressed as Min CF 60% . On the high side of the CF 60% , the CF value of ≥20% of the maximum occurrence was expressed as Max CF 60% . The variability of the 60% CF occurrence range was defined as the difference between these 2 values in grams (CF 60% variability). This value was also expressed as percentage of the Max CF 60% . All applications with ≤10 g CF 60% variability were classified as constant. If the CF 60% variability was >10 g, the CF curve was visually inspected for variability (see below). If the CF curve nadir reached 0 in each systolo-diastolic cycle during >75% of the application time, the CF curve was classified as intermittent.
All variable and intermittent CF curves were analyzed for the causes of variability by comparing the frequency of the CF variability with that of ventilation and heart rate. Each patient was mechanically ventilated at a frequency of 12 per minute. The CF variability was mainly attributed to respiration if >50% variation of the CF 60% variability was observed at the rate of the respiratory cycle (12 per minute) during >75% of the application time. The CF variability was mainly attributed to the systolo-diastolic movements of the heart if the peak to nadir difference was >50% of the CF 60% variability at the actual heart frequency during >75% of the application time (Figure 2 ). In the presence of AF, if the frequency of the CF variability was equal to the ventricular rate the variability was attributed to ventricular systolo-diastolic movements. In patients in SR, the atrial and ventricular rates were the same thus in these patients the variability was attributed to systolo-diastolic movement of the heart. In case the frequency of variability was different from the respiratory cycle or atrial or ventricular contraction rates, the main reason for variability was classified as unclear.
Adenosine Testing
In the second part of the study, 10 additional consecutive patients undergoing circumferential PVI and adenosine testing with induction of complete atrioventricular block during SR were included. During each ipsilateral PVI, sites with intermittent or high variability CF were tagged. After the completion of PVI patients in AF underwent electric cardioversion. In each patient, 12 to 24 mg adenosine was administered intravenously (as a bolus, followed by a saline flush) with the circular mapping catheter positioned in the PV and the ablation catheter at the previously tagged location of variable or intermittent CF curve, sequentially on both PV sides. The CF curves with simultaneous surface ECG, intracardiac electrogram, and respiratory cycle recordings during atrioventricular block were video recorded. The recordings were analyzed offline for the type of CF curve, minimum, maximum, and mean CF before and during atrioventricular block ( Figure 3 ).
Statistics
Continuous variables are expressed as mean±SD or as median and interquartile range if normal distribution was not present. Normal distribution was tested using the Kolmogorov-Smirnov method. Two-sided unpaired or paired Student t test was used to compare continuous variables. Categorical and binary variables are presented as frequencies (percentages). Chi-square and Fisher exact tests were used to compare categorical variables as appropriate. Differences between CF and ablation parameters between applications with constant, variable, and intermittent CF were tested using linear mixed effects models considering patient as a random factor and CF type as a fixed factor. Differences in CF and lesion parameters and reasons for variable or intermittent CF between applications delivered in SR and AF for the binary variables were analyzed using generalized estimating equations considering patient as a random factor and SR and AF as a fixed factor. A P value of ≤0.05 was considered statistically significant. The IBM SPSS Statistics version 20 software was used for the statistical analysis.
Results
The clinical baseline and procedural characteristics of the study population are depicted in Table 1 . In the 20 patients, 914 applications (45±6.5 applications/patient) were analyzed. Five hundred thirty (58%) applications were delivered during SR and 384 (42%) applications were delivered during AF. Three hundred ninety-eight (44%) applications were around the left (21±4.3 applications/patient) and 516 (56%) applications were around the right PVs (25±4.7 applications/patient). None of the patients had pericardial tamponade or effusion during and within 30 days after the procedure. , and the Max CF 60% =34 g (E). The CF variability=37 g (F) and the CF 60% variability=31 g (G). The CF 60% variability in percentage was 91%. Given that the CF 60% variability was >10 g, the CF curve was defined as variable. On the CF curve, note the irregular variation of the CF peaks and nadirs at a frequency of 60 per minute marked at the bottom with white lines in the first 10 s. This frequency was identical to the ventricular rate during this application. The change between the peaks and nadirs was >15.5 g (50% of the CF 60% variability) during >75% of the application. The main reason for CF variability was, therefore, systolo-diastolic movement. Given that the patient was in AF and that the frequency of the peaks was the ventricular rate at this site the systolo-diastolic variability was because of ventricular contractions. Notice also the 12 per minute variation of the curve marked on the top with white lines in the first 25 s. This variation was because of respiration; however, the variation between the peaks did not reach >15.5 g (50% of the CF 60% variability).
Variability of CF
The median variability of CF was 35±22 g (25th percentile, 25 g; 75th percentile, 49.3 g). The median variability of the CF 60% was 17±9.6 g (25th percentile, 12 g; 75th percentile, 24 g). Hundred seventy-one (19%) applications were delivered with constant, 717 (78%) applications with variable, and 26 (3%) applications with intermittent CF curve. Mean CF and FTI were significantly higher during applications with variable CF when compared with applications with intermittent or constant CF (Table 2) .
There was no significant difference in variability, CF 60% variability and the incidence of variable and constant CF curves between applications delivered in SR and AF (Table 3) . Intermittent CF was noted more frequently in SR than during AF. Although the duration of applications was slightly longer in SR than in AF, there was no significant difference in FTI and impedance drop between the 2 groups. Considering the left, right, and total PVI radiofrequency application times, there was no significant difference between PVI performed in SR and AF.
A significant difference in all CF variability parameters was observed between PV regions. Variability was in general significantly more pronounced on the right side than on the left side (41.6±21.5 versus 38±23.2 g, P=0.016 for CF variability and 20.4±9.6 versus 17.1±9.3 g, P<0.001 for CF 60% variability), superior than inferior (47.7±23.1 g versus 36.5±19.5g, P<0.001 for CF variability and 21.5±11.5 versus 18.2±8.9 g, P=0.004 for CF 60% variability), and posterior than anterior (43.6±23 versus 34.5±20.6 g, P<0.001 for CF variability and 20.6±9.4 versus 16.6±8.3 g, P<0.001 for CF 60% variability). The highest variability was in the right superior region and the lowest variability was in the left inferior region (CF 60% variability 23.2±11 versus 14.4±8 g, respectively). The FTI was highest in the right anterior region and was lowest in the left posterior region (1076±398 versus 621±185 g/s, respectively).
Reasons for Variability
Seven hundred forty-three (81%) applications were delivered with intermittent or variable CF (Table 4 ). The most frequent main reason for CF variability was the systolo-diastolic movement of the heart during 266 (36% of the variable or intermittent and 29% of all) applications. Respiration was the second most frequent main reason for variability in 248 (33% of the variable or intermittent and 27% of all) applications. In 118 applications (16% of the variable or intermittent and 13% of all applications), both respiration and systolo-diastolic movement were responsible for the CF variability. During 229 (31% of the variable or intermittent and 25% of all) applications, the main reason for variability could not be clearly defined. Systolo-diastolic movement was significantly more frequently the main reason for variability in intermittent than Respiration alone and in combination with systolo-diastolic movement was more frequent reason for variability in AF when compared with SR (Table 5 ). However, systolodiastolic movement was not a more frequent reason for CF variability in SR when compared with AF.
There were significant differences between the reasons for CF variability depending on the PV region. In general, respiration was significantly more frequently the reason for variability on the right PVs when compared with the left PVs 
CF Variability During Adenosine-Induced Atrioventricular Block
In 10 additional patients, the most variable or intermittent CF curve site during PVI was tagged in the left anterior antrum in 2, superior antrum in 2, posterior antrum in 3, and inferior antrum in 2 patients. On the right side, the localization was posterior in 6, anterior in 1, superior in 1 and inferior in 2 patients. During adenosine administration and atrioventricular block during SR, the intermittent or variable CF curve became constant at 16 (84%) of the 19 sites (Table 6; Figure 3 ). Of the remaining 3 sites, at only 1 site (5%) systolo-diastolic movement remained the main reason for variable CF during atrioventricular block; therefore, this was the only instance of atrial contraction causing variable CF. During adenosineinduced atrioventricular block, the minimum CF was significantly higher and the maximum CF and CF variability were significantly lower. The mean CF did not change significantly during adenosine-induced atrioventricular block.
Discussion
Variability of CF
The first main finding of our study is that the CF during PVI remained highly variable in spite of attempts to optimize contact before and during applications. During ≥75% of the applications, the CF varied >25 g. Considering the CF range in which 60% of the CF measurements fall, the CF still varied >12 g in ≥75% of the applications. Only 19% of the applications were delivered with constant CF curve; 78% of the applications were delivered with variable CF curve and 3% of the applications with intermittent CF. In the TOCCATA trial intermittent CF was associated with low CF. 3 When the CF was extremely low (4 g), the percentage of intermittent CF exceeded 50%. Because the CF increased to 10 g, the percentage of intermittent CF decreased to 10%. At a high CF (average CF≥20 g), the percentage of intermittent CF was 3%. Our findings on the incidence of intermittent CF are similar. We found intermittent CF in 3% of the applications at a mean CF of 20.3 g. These findings suggest that when the operator is unblinded to CF, intermittent contact is rare. The occurrence of variable CF in the large majority of applications during PVI was previously not described.
The clinical implications of variable and intermittent versus constant CF curve during radiofrequency applications in human are unclear. In an experimental study, the beating heart was simulated by an in vitro contractile bench model. 10 In this study, the FTI was calculated to account for the variability of the CF caused by the systolo-diastolic movement of the heart. Lesion volume correlated linearly with the measured FTI. Clinical studies confirmed the use of FTI in lesion prediction. 3, 5 In the experimental study, radiofrequency lesion depth and size were also dependent on the presence of constant contact. Variable contact (with 20 g peak and 10 g nadir) with the same peak CF, power and duration settings resulted in 25% to 30% and intermittent contact (with 20 g peak and 0 g nadir) in 60% to 70% decrease in both FTI and radiofrequency lesion volume when compared with constant CF (peak 20 g). Although in this study we could not assess lesion size, for FTI we report opposite findings. The FTI was significantly higher during applications with variable CF as opposed to constant CF. This discrepancy might be because of the fact that in our patients during applications with variable CF the measured maximum and mean CF were higher, whereas the minimum CF was similar when compared with constant CF. The higher maximum CF might compensate for the loss of area under the curve because of the variation. In the experimental setting, the peak CF was kept constant. It is plausible that in the beating heart the diastolic decrease in CF is being compensated by a higher systolic contact neutralizing the effect of variability. On the basis of our results, it is more difficult to speculate on the significance of intermittent contact. Intermittent contact was rare resulting in a low number of applications to analyze. In addition, the duration of these applications was significantly shorter, which had an important influence on the FTI value. The shorter radiofrequency duration is likely because of the region-dependent occurrence of intermittent contact. We almost never observed intermittent CF in the thick anterior antrum but frequently in the thinner posterior and inferior antrum where application time is shorter. During applications with variable or intermittent contact, the observed maximum CF was significantly higher (55 g) than the 30 g upper limit of the targeted range. Similarly during intermittent CF applications, the minimum CF was significantly lower (0.4 g) and during constant and variable CF applications, the minimum CF was slightly lower (7.8 g) than the 10 g lower limit of the targeted range. The reported maximum, minimum, and mean CF was calculated from histograms incorporating all acquired CF data at 50-ms sampling intervals. The operator however, assessed the actual CF during the procedure from the numerically displayed CF on the 3-dimensional (3D) mapping screen, which was updated only at intervals of 500 ms, equivalent to the mean of 10 measurements at 50-ms intervals. During intermittent or variable contact, the CF values change rapidly and this averaging can mask infrequently occurring high and low CF values. This might explain the observed CF values, which were beyond the target maximum and minimum CF in case of variable or intermittent contact. The highest maximum CF of the 60% CF range was close to 30 g suggesting that high CF values between 30 g and 55 g occurred relatively infrequently. Although we did not observe any major complications associated with high force, CF>30 g, even for a short time, might compromise procedure safety and should be avoided. In our experience, the close attention to the real-time CF graph could be helpful. The sampling interval of the real-time CF curve can be set at 100 ms without affecting the interpretation of the recording. Intermittent visual inspection of the curve helps the operator to avoid applications with high maximum CF values, which allows assessment of real CF variability and differentiation between constant, variable, and intermittent contact.
Reasons for Variability of CF
In this study, we analyzed for the first time in detail the reasons for variable contact during PVI. We report that systolodiastolic movement of the heart and respiration are important reasons.
Systolo-Diastolic Variability
An important finding of our study is that the most frequent main reason for variable and intermittent CF is systolo-diastolic movement of the heart. We found that in ≈30% of all applications during PVI, the movement of the heart causes variable or intermittent contact. Comparing the incidence of variable and intermittent CF during applications in SR and AF, we found that intermittent CF was more frequent in SR, whereas variable CF was not more frequent in SR than during AF. Comparing the minimum, maximum, mean CF, CF variability parameters, and FTI, we found no difference between applications in SR and AF. In addition, systolo-diastolic movement was as frequently the main reason for variability during applications in SR as in AF. These findings have 2 important clinical implications. First, we report that PVI can be performed in AF and in SR with similar CF, ablation parameters, and acute efficacy. Second, these findings could only be explained with the hypothesis that atrial contraction does not play an important role in the variability of CF during PVI as ventricular contraction.
Importance of Ventricular Contraction
In 10 additional consecutive patients, we performed a second study to confirm the role of ventricular contraction in atrial CF. During adenosine-induced complete atrioventricular block with SR, we analyzed the CF curve with the ablation catheter at a PV antrum site with highly variable or intermittent CF curve. During atrioventricular block, the minimum CF highly significantly increased and the maximum CF and CF variability significantly decreased. In only 1 of the 20 sites, the CF curve remained variable because of systolo-diastolic movement. These findings confirmed that ventricular contraction was responsible for the systolo-diastolic peaks and nadirs of the atrial CF curve at 95% of the sites. Ventricular contraction has an important influence on left atrial pressure. On the left atrial pressure curve, the v wave is generally larger than the a wave. The positive v wave is followed by steeply descending atrial pressure during the ventricular ejection phase called the y descent. Although we did not perform simultaneous left atrial pressure and CF recordings, based on the analysis of the video recordings we hypothesize that the main effect of ventricular contraction on atrial CF is a steep drop during the ejection phase of ventricular systole. This is probably caused by the movement of the mitral annulus in the direction of the contracting ventricle and away from the pulmonary veins and correlates with the higher systolo-diastolic variability for the inferior PVs compared with the superior PVs. The comparison between mean and maximum CF values should be interpreted with more caution. During adenosine testing, the CF parameters were analyzed for ≤20 s before but only for 4.5 s during atrioventricular block (P<0.001). Therefore, the short duration of atrioventricular block did not cover the full respiratory cycle and related CF changes in most cases.
Importance of Respiration
In a previous clinical study in 12 patients undergoing PVI, the effect of respiration on CF was assessed. 9 Lesions were delivered during ventilation (30 s) alternating with apnea (30 s) at adjacent anatomic sites. In this study, average CF and FTI were higher with apnea than with ventilation in all PV segments, an effect attributed to drop in CF with each respiratory swing, resulting in greater force variability during ventilation. Low FTI lesions (500 g/s) were strongly associated with longer ablation time to achieve PVI and with acute PV reconnection, suggesting that catheter tissue CF is critically influenced by respiration. The variability of the CF curve was reported in this study both during apnea and ventilation as the Force variability index defined as the difference between maximum and minimum CF divided by the maximum CF. This index is similar to our CF 60% variability in percentage. However, given the relative frequent occurrence of outlying maximal and minimal values, we used the CF 60% variability for this purpose. In addition, we felt that the gram expression of variability is clinically more useful because in the low CF range high percentage of variability might indicate low gram value variability. In contrast to our study, in the study by Kumar et al, 9 PVI was performed in SR and operators were blinded to the CF. In spite of these differences between study designs, our results confirm the important role of respiration in atrial CF. We found that under general anesthesia respiration is the main reason for variable or intermittent contact in more than a quarter of the applications and that this effect is region dependent within the PV antra.
Other Reasons for CF Variability: Catheter Stability
In one quarter of all applications with retrospective offline analysis, we found neither respiration nor systolo-diastolic movement as main reasons for variability. We defined the reason for variability of these applications as unclear. The most likely reason in these cases was catheter movement during application, but it was not possible to confirm this retrospectively. Catheter instability occurred despite continuous surveillance of the catheter tip with 3D mapping. The underlying explanation may be that spatial stability of the catheter tip on 3D mapping does not indicate similar stability with respect to a given endocardial location in the moving heart of the breathing/ventilated patient.
Limitations
The definitions we used for constant, intermittent, and variable CF curve as well as for the 60% range of CF occurrences were arbitrary. The analysis of the variability was offline and retrospective resulting in a relatively large number of applications where the reason for variability could not be defined.
Conclusions
CF during PVI remains highly variable despite attempts at optimizing CF before and during applications. The main reasons for variability of the contact during PVI are systolo-diastolic movement of the heart and respiration. The systolo-diastolic peaks and nadirs of CF are because of ventricular contractions in the large majority of applications. Atrial rhythm does not play an important role in CF variability during PVI.
